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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Express Mail No. EL683237701US 



In re patent application of: 

Paul Ernest Charles Brenchley 

Serial No. (unknown) 

Filed Herewith 

HEPARANASE ASSAY 

US National Stage of PCT/GBOO/02117 
International Filing Date June 12, 2000 

PRELIMINARY AMENDMENT 

Hon. Assistant Commissioner of Patents 

Washington, D.C. 20231 

Sir: 

Please enter the following Preliminary Amendment in the above-identified patent 
appUcation. The Commissioner is hereby authorized to charge payment of any additional fees 
associated with this application or credit any overpayment to Deposit Account No. 23-3030. 
IN THE CLAIMS 

Please amend claims 3, 6, 7, 9, 11, 13, 15, 19 and 20 as follows. 



Clean copy of the Claims As Amended 



1. A method of assaying a sample to determine heparanase activity thereof the method 
comprising 

(i) incubating the sample in the presence of a first solid phase support having 
immobilised thereon an HSGAG polymer substrate for the heparanase, the said 
substrate being insensitive to the action of proteases and the said substrate having 
bonded thereto a first binding moiety and having further bonded thereto a 
paracrine cell regulator capable of binding to HSGAG, 

(ii) treating the incubated sample with a second solid phase support having a second 
moiety provided thereon capable of immobilising HSGAG polymer substrate 
cleaved from the first soUd phase support on said second solid phase support by 
binding of said second moiety either with the paracrine cell regulator or with the 
first binding moiety, 

(iii) generating a measurable signal the other of the first or second moiety of the 
cleaved substrate immobilised in the second support solid phase, and 

(iv) measuring the signal on the second solid phase support separated from the first 
solid phase support. 

2. A method as claimed in claim 1 wherein the HSGAG polymer substrate is covalently 
bonded to the first solid phase support system. 

3. A method as claimed in claim 1 wherein the first sohd phase support system is a 
microtitre welL 



4. A method as claimed in claim 3 wherein the second solid phase support system is a plate 
lid probe. 

2 



5. A method as claimed in claim 3 wherein the second solid phase support system is a 
microtitre well 

6. A method as claimed in claim 1 wherein the second solid phase support system is 
separated from the first solid phase support system between steps (ii) and (iii), 

7. A method as claimed in claim 1 wherein, in step (ii), HSGAG polymer substrate cleaved 
from the first solid phase support is immobilised in the second solid phase support by binding of 
the first and second moieties. 

8. A method as claimed in claim 7 wherein the first moiety is biotin and the second moiety 
is strept(advin). 

9. A method as claimed in claim 7 wherein the signal is generated by an anti- paracrine cell 
regulator antibody and enzyme coupled anti-species antibody. 

10. A method as claimed in claim 9 wherein the signal is developed by incubating the second 
solid phase support with anti- paracrine cell regulator antibody followed by peroxidase anti- 
species IgG. 

11. A method as claimed in claim 1 wherein, in step (ii), the HSGAG polymer substrate 
cleaved from the first solid phase support is immobilised on the second solid phase support by 
binding of the paracrine cell regulator and the first moiety. 

12. A method as claimed in claim 11 wherein the signal is generated by an enzyme coupled 
to a third moiety capable of binding to the first moiety. 

13. A method as claimed in claim 1 wherein the paracrine cell regulator is a growth factor, a 
cytokine or a chemokine. 
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14. A method as claimed in claim 13 wherein the paracrine cell regulator is a growth factor 
and is selected from V13GF, TGFpl, FGF-1, FGF-2, HGF, PDGF, IL-la, IL-lp, JL-2, IL-4, IL- 
7, IL-8, IL-12, IP-10, MCP-1, TNFa or IFN-a. 

15. A method as claimed in claim 1 for determining the activity of a putative inhibitor of 
heparanase activity. 

16. A solid phase support having immobilised thereon an HSGAG polymer substrate having 
bonded thereto a first binding moiety and a paracrine cell regulator capable of binding to 
HSGAG, said first moiety or said paracrine cell regulator being capable of binding to a second 
moiety. 

17. A support as claimed in claim 16 wherein the paracrine cell regulator is a growth factor, 
chemokine or cytokine. 

18. A support as claimed in claim 17 wherein the paracrine cell regulator is selected fi-om 
VEGF, TGFpl, FGF-1, FGF-2, HGF, PDGF, IL-la, IL-lp, IL-2, IL-4, IL-7, IL-8, IL-12, IP-10, 
MCP-1, TNFa or IFN-a.. 

19. A support as claimed in claim 16 wherein the first moiety in biotin. 

20. The combination of a solid phase support as claimed in claim 16 and a second solid phase 
support having provided thereon said second moiety. 
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Version with Markings to Show Changes Made 

3. A method as claimed in claim 1 or 2 w herein the first solid phase support system is a 
microtitre well. 

6. A method as claimed in m±y-e^cl3xm& 1 te-§~wherein the second solid phase support 
system is separated fi-om the first solid phase support system between steps (ii) and (iii). 

7. A method as claimed in emy-^f^^^claims-1 te-6-wherein, in step (ii), HSGAG polymer 
substrate cleaved fi'om the first solid phase support is immobilised in the second solid phase 
support by binding of the first and second moieties. 

9. A method as claimed in claim 7 ©i^wherein the signal is generated by an anti- paracrine 
cell regulator antibody ^md enzyme coupled anti-species antibody. 

11. A method as claimed in mf-em-e^claxms 1 te--6~wherein, in step (ii), the HSGAG 
polymer substrate cleaved fi*om the first solid phase support is immobilised on the second solid 
phase support by binding of the paracrine cell regulator and the first moiety. 

13. A method as claimed in aHy-ofie-of claims 1 l©4^wherein the paracrine cell regulator is a 
growth factor, a cytokine or a chemokine. 

15. A method as claimed in any-ef-claims 1 te-44-for determining the activity of a putative 
inhibitor of heparanase activity. 

19. A support as claimed in a n y oiie^claime 16 t^-lS-wherein the first moiety in biotin. 

20. The combination of a solid phase support as claimed in aey-eBe-e^claims 16 ^e-+9-and a 
second solid phase support having provided thereon said second moiety. 
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REMARKS 

Consideration and allowance of the above application is requested. 



Respectfully submitted. 



By: 



Woodard, Ernhardt, Naughton 

Moriarty & McNett 
Bank One Center/Tower 
1 1 1 Monument Circle, Suite 3700 
Indianapolis, IN 46204-5137 
(317) 634-3456 

PBA/NE/D088414PUS:TQH:151 126 
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HEPARANASE ASSAY 



The present invention relates to an assay for heparanase activity 

Endoglycosidases are capable of cleaving polymers comprised of 
glycosarninoglycan units (so called "GAQ polymers"). Enzymes thai cleave a GAG 
polymer internally arc known as endoglycosidases and include heparanase whidi 
cleaves heparan sulphate GAG, hyaluronidase vAiich cleaves hyalxironic acid GAG 
and chondroitinase which cleaves chondroiiin sulphate GAG. 

Heparanase has been described in T&B lymphocytes, monocytes, neutrophils, 
platelets, endothelial cells and in liver and placental tissue. This endoglycosidase 
activity which degrades heparan sulphate GAG has been variously called hcparan^ise, 
hepafinase, heparitinase and heparan sulphate lyase and ahnost certainly represents a 
family of entymes ^th different specificities for the internal cleavage site in the 
GAG polymer 



anticoagulant is an example, are highly N- and 0-suIphaied carbohydrate polymers of 
glucuronic {sometimes iduronic) acid and glucosamine (sometimes N-acetylated). The 
high anionic charge is not randomly distributed throughout the polymer but is thought 
to form clusters of charged residues imparting specific functional binding properties 
to the sequence. This is demonstrated by the most important anii«coagulant properties 
of ^ pentasaccharide sequence in heparin and its imeraction with anti-thrombixi HI.. 

HSGAG is present in the extracellular matrix, in basement membranes and on 
cell surfaces. HSGAG is known to play an important role in linking the component 
structural proteins of the basement membrane, controlling the permeability properties 
of the membrane (best illustrated in the glomerular basement membrane) and 
controlling the bio-availability of cytokines and growth &ctors. 



Heparan sulphate glycosaminoglycans (HSQAGS) of which heparin, the 
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Heparaiiases are known lo play important roles in areas of discovery biology 

a) cancer metastasis; the most melasiaiic cells display the highest levels 
of heparan^e enzyme wMch may enable cancer cells to degrade 
HSGAG in £CM and basement membranes to facilitate tissue 
invasion. Cancer cells secreting heparanase may support angiogenesis, 
tumour vascularisation and therefore tumour growth. This is a prime 
area for developing novel antagonists to heparanase as part of a 
therapeutic strategy to supress and inhibit metastasis. 

in inflammatory joint disease e.g. rheumatoid aitbiitis; angiogenesis in 
the joini may support the chronic inflammatory pathology. Agents 
inhibiting heparanase in the joint may reduce angiogenesis and 
therefore suppress the fomiation of the inflamnaatory pannus of tissue 
which causes degradation of cartilage and erosion of bone, 

in proteinuric disease; HSGAG 'expre$$ion within the glomerular 
basement membrane controls tlie passage of anionic charged proteins 
e.g. albumin. In early diabetic nephropathy there is evidence of 
reduced basement membrane HSGAG associated with 
microalbuminuria. Forthennore, a number of clinical and experimental 
studies document reduction in proteinuria associated with low 
jnolecular weight heparin treatment. These frndings support the role of 
increased heparanase expression withm the glomerulus which might be 
treated with suitable antagotusts. 

Knovvn assays (sununarised below) for heparanase activity have a number of 
disadvantages. 

(i) Radiolabelled substrate. 

In vitro metabolic radiolabelUng of cell cultures with ^^S04 or incorporated 
into HSGAG is commonly used for detectmg heparanase. The radiolabelled GAG 
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may be used following isolation and purificmion by coupling to a solid phase support. 
I Alternatively, radiolabellcd £CM laid down on culture dishes with the cell layer 
removed, may be used as substrate. Alternatively, or ^^I labelling of purified 
HSGAG or heparin is performed and the labelled substrate coupled to a solid phase. 
Heparanase activity is detected by loss of radiolabel and or reduction in molecular 
size of labelled species. 

The radiolabelling procedures are hazardous and require special disposal 
procedures. Large variations in specific activity of substrate occur between batches. 
The batches of "^'SOd substrate have a shon lifetime of 2 to 3 months. 

(ii) HS Substrate showing sensitivity to other enqmes 

Assays claiming to measure heparanase that use heparan sulphate 
proteoglycsm as the substrate and detect apparent enzyme activity by identifying 
release of labelled HSGAQ or a reduction in the size profile of HSGAG (using 
isotope or other label) by molecular sieving are not specific for heparanase. A wide 
range of proteases present in the sample could act on the proteoglycan component to 
solubilise significant quantities of HS chains and cause reduction in size by further 
removal of aiiached protein. Other enzymes e.g, hyaluronidase may cleave the 
substrate. Few current assays have demonstrated inseusitivity to this range of 
enzymes. 

(iii) Sensitivity and quantitation 

Assays requiring long incubation times (4-24 hours) to achieve an effect 
indicate a lack of sensitivity and leave open the possibility of mterference by non- 
specific factors (e.g. proteases). 

Assays requiring molecular sieving to identify the outcome of heparanase 
activity are only qualitative in nature 
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(iv) Multiple sampk handling 

Assays requiring centrifugation or molecular sieving lo separate the products 
of heparanase activity only allow small batch assays to be performed. 

It is an object of the present invention to obviate or mitigate the above 
mentioned disadvantages. 

According 10 a firsi aspect of tlie present Invention there is provided a method 
of assaying a sample 10 determine heparanase activity thereof the method comprising 

incubating the sample in the presence of a first solid phase support 
having imxnobilised thereon an HSGAG polymer substrate for the 
heparanase, the said substrate being insensitive to the action of 
proteases and the said substrate having bonded thereto a first binding 
moiety and having further bonded thereto a paracrine cell regulator 
capable of binding to HSGAG, 

treating the incubated sample with a second solid phase support having 
a second moiety provided thereon capable of immobilising HSGAG 
polymer substrate cleaved from the first solid phase support on said 
second solid phase support by binding of said second moiety either 
with the paracrine cell regulator or with the first binding moiety, 

generating a measurable signal the other of the first or second moiety 
of the cleaved substrate immobilised in the second sigjport solid phase, 
and 

(iv) measuring the signal on ihe second solid phase support separated from 
&e first solid phase support. 



(ii) 



(iii) 



i 
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In a second aspect, the invention provides, for the use in an assay as defined 
above, a soHd phase support (equivalent to the aforementioned first support) having 
immobilised thereon an HSGAG polymer substrate for heparanase, said substrate 
having bonded thereto a first binding moiety and having fiirther bonded thereto a 
paracriae cell. regulator capable of binding ro HSGAG, said first moiety or said 
paracrine cell regulator being capable of binding to a second moiety. 

In a third aspect, the invention provides the combitiaiion of first solid phase 
support as defined in the previous paragraph and second solid phase support having 
provided thereon a second moiety capable of binding to either the first moiety or tlie 
paracrine cell regulator 10 form a complex therewith. 

In a fourth aspect, the invention provides an assay kit comprising the 
combination of the previous paragraph and signal developing agents to generate a 
signal repreisentative of the result of the assay. 

The paracrine cell regulator may, for example, be a growth factor cytokine or 
chemoidne. 

The assay of the invention allows rapid quantitation of heparanase activity in a 
sample having, or potentially containing, such activity. 

The invention is further described vWth reference to the paracrine cell regulator 
being an HSIGAG binding growth factor but it is to be understood that the invention is 
equally applicable to other-paracrine cell regulators. 

The assay is conducted using a solid phase forniat. Step (i) of the assay uses a 
first sohd phase support on wliich is immobilised an HSGAG polymer substrate 
which is cleavable by the heparanase present {or potentially present) in the sample. 
Bonded to this polymer substrate are 

(a) HSGAG bindmg growtli factor, and 
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(b) a first binding moiety 

The HSG.AG substrate bonded 10 the support is insensitive to the action of 
proteases at concentrations normally found in clinical samples (otherwise the assay 
would give a felse positive result). This may be achieved by ensuring thai the 
HSGAG substrate is bonded to the first solid phase support otherwise than via any 
residual small peptide chain in the substrate derived from the proteoglycan from 
which the HSGAG substrate has been purified. For this purpose, the procedure of 
immobiIisi:ng the HSGAG substrate on the support may involve oxidation of the sugar 
residue of the substrate (e.g. using periodate as described in ±€ experimental protocol 
described infra). 

Given that there is heparanase activity in the sample^ the procedure of step (i) 
results in cleavage of HSGAG polymer substtaie in an amount which is dependent on 
the degree of heiparanase activity in the sample and its ability to cleave the HSGAG 
polymer substrate in the presence of the growth fector bonded thereto- 

Any cleaved HSGAG polymer substrate (having both the &st moiety and Ae 
growth factor bonded diereto) is released into the analyte pliase. Confirmation that 
HSGAG'girowth factor has been removed from the solid phase in step (i) can be 
obtained ajier step (ii) by incubating ihe vwished heparanase treated solid phase with 
(strept)aYidin-conjugated enzyme or anti-growih factor conji^ated enzyme and 
comparing the signal with that obtained from a control solid phase, Heparanase 
ajctivity sigEiificantly reduces the signal obtained. 

In step (ii), the analyte phase is treated with a second solid phase support 
system incorporating a second moiety capable either of forming a complex with the 
firsi binding moiety or capable or forming a complex witli the growth factor. As a 
result, complex formation between the first and second moieties occurs or complex 
formation between the gi'owih factor and the second moiety occurs resulting in the 
cleaved fiagments becoming ixrunobilised on the second solid phase si5)port. Either 
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the first n:ioiety or die growth facior remains unbound and is used for signal 
developmeni. 

In step (iii), a measurable signal is generated from the cleaved fragments 
immobilised on the second solid phase suppon. The signal may be dependent on the 
growth facior component of the complex ( where the complex is captured by the first 
binding moiety and detected with anti-growth factor antibody) and enzyme coupled 
anti-species antibody. Alternatively, where the complex is captured by anti-growth 
factor antibody the signal may be generated by an entymc coupled to a third moiety 
capable of binding to the first moiety. The signal may for e:«ample, be a colorimetric 
signal and be measured by a spectrophotometer. Altenjatively the signal may be a 
fluorescent signal which facilities automation of the assay with high throi^hput 

p Fixiiilly in step (iv), the signal generated in step (iii) is measured. This 

O measurement is effected with the second solid phase support system separated from 

Q tlic first such system (i,e. that employed in step (i)) so that the signal is measured 

^ otherwi$e than in the environment of said first such system. 



Tl Tlie measured signal is representative of the specific heparanase activity in the 

nj original sample. More particularly, the measured signal directly reflects the biological 

action in generating complexes of growth factor-HSOAG that would be produced in 

physiological and pathological states. 

A critical conu-ol point in these pathologies is the bioavailibility of important 
cytokine, chemokine and growth factors. On release &om the secreting cell, most of 
the mediator(>70%) would normally interact with HSOAG in extracellular matrix 
(ECM) to form a stable reservoir of mediator. Only a fraction of ihe secreted mediator 
directly and immediately binds to the specific mediator receptor on the target cell to 
initiate cell signalling. Heparanase enzymes provide critical control of this reservoir 



t 
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by releasi:ng these biologically specific growth factors fix>m ECM that can bind their 
target receiptors and initiate signalling. 

Cytokines that bind HSGAG include IL-Ia and IL^lp, IL-25 IL4, IL-7, IL-8, 
IL-i2, TNFa, IFNa, Chemokines thai bind HSGAG include IP-10, MCP-1. Growth 
fiactots th2it bind HSGAG include VEGF, FQF-1, FGF-2, TGFpl, PDGF, HGF, The 
term growth factor will be used to denote any of these mediators. The invention will 
measure bsparanase activity using any of these heparan sulphate binding GFs 

The heparanase-relcased growth factor in the form of 'a complex of variable 
length of HSGAG sequence bound to growth fector may be significantly more active 
biologically dian the native growdi factor. 

The binding sites in HSGAG that interact with these growth fectors are poorly 
described &t present and it may be that each growth fector has a unique bindir^ site. 
Alternatively, some growth factors may share a certain binding sequence in HSGAG. 



O Hcparanases from different cell sources may be differentiated from each other 

g by their ability to solubiiise particular growth factors or combinations of growth 

f: factors from HSGAG- This will happen where the binding of growth factor to the 

fll HSGAG sfi^bstrate protects or sterically occludes a potential enzyme cleavage site, 

O Thu5 by U5je of a panel of growth factors bound to HSGAG, it may be possible 10 

attribute a particular pattern of GF solubilisation to a hepaianase from platelets 
compared 1:0 synovial fluid or tumour. This may be of importance for Distance in 
differeatiating the action of a tumour heparanase from platelet derived hepataaase. 

Of considerable imponance in the design of antagonists of heparanase 
function is the use of this method to generate selective hepaianase inhibitors of 
exquisite specificity such tliat inhibition is confined to those HSGAG cleavage sites 
linked witfci solubilisation of a certain growth fector. Thus, for instance, a specific 
inhibitor of VEGF solubilisation may reduce and siqjpress tumoiur angiogcnesis and 
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metastasis withoui inhibilmg die immune functions of a platelet heparanase in 
solubilismg IFNa to prateci from infeciion during wound healing. 

The assay is unaffected by tlie presence of proteases, hyaluronidase and 
chondroittciascs. The a$say is sensitive only requiring incubation times at step (i) of 
30-60 minutes. 

The method of ihe invention may be used for determining heparanase activity 
in a biological sample, e.g. for the purposes of diagnosing or characterising a 
particular medical condition. It is however envisaged that an important application of • 
the invention will be in the screening of potential inhibitors or enhancers of 
heparanase activity. Thus* for example, the assay may be conducted with an analyte 
containing an heparanase and a putative inhibitor tlierefore to determine the effect (or 
otheiwasc) of that inhibitor 

Preferred embodiments of the Invention will now be described* 

The assay of the invention is particularly useful for detexmhiing heparanase 
activity, e.g. for the purpose of evaluating potential inhibitors thereof. 

The GAG polymer substrate immobilised on the support is preferably heparan 
sulphate glycosaminoglycan. 

The first solid phase support system (Ic. the system m which the HSGAG 
polymer substrate is immobilised) is preferably a microtitre well. The assay may be 
conducted using a tray of microtitre wells or larger arrays having immobilised 
HSGAG polymer substrate. As such, die assay of the invention may be effected using 
robotic teclmology to screen compounds for anti-heparanase activity. When using a 
microiixre well as the first support system, the second solid phase st^pport system may 
be a microtitre plate lid with a coated probe extending into each assay well as the 
second supjport system, for example, NUNC® TSP screening system or FALCON® 
FAST Systran. In this case, step (i) and step (ii) of fee assay take place during the 
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same incubation time. Altemaiively, the second solid phase may be anoiher coated 
microtitre well and step (i) and step (ii) occur sequentially and require physical 
transfer of the contents of the first well to the second well. 

If the cleaved substrate is to be captured (on the second solid phase support) 
by the fij-si moiet}' then the first moiety may be biotin and the second moiety 
sirept(avidin). In this case the signal may be generated by means of an anti-growth 
factor antibody and enzyme coupled anii-species antibody. 

If Ihe cleaved substrate is to be captured by tlie growth iactor then the secoiid 
moiety may be anti-growih factor antibody. In this case the &st moiety may be biotin 
and the signal generated by an enzyme coupled to (strept)advin (as the 
aforementiioned third moiety). 

p The method of the invention may be effected using the following protocol. 

W The GAG polymer substrate may be tagged with biotin using single 

□ photobiotylation chemistry. A mixture of photobiotin (Img/ml) and HSOAO 

(1 Omg/ml) in phosphate buffered saline (PBS) at a ratio of 2:1 (vol/vol) is exposed to 
2 UV light emitted from a Mercury arc HBO50 W lamp used as a microscope UV 

m source for 21 minutes at a distance of 10 cm. The biotinylated HSGAQ is dialyscd 

^ against PBS for 1 8 hours at 4^C and stored at -20*^0. 

M 

The immobilisation of the GAG polymer substrate on the solid phase support 
is carried out after the tagging v/ith the first complex forming moiety and may be 
effected by oxidising the substrate with periodate and incubation with carbohydrate 
binding muliivi/ell plates (for example, COSTAR® or NUNC plates may be used) to 
yield a surfece to which the substrate is covalently and stably bonded. Specifically, 
sodium periodare at \Q\iM and biotinylated HSGAG at 5(xg/ml in soditmi acetate 
buffer (lOrnM, pH 4.0) are allowed to interact for upto 15 minutes and then lOOjil of 
the activated biotinylated HSGAG i$ added to each well of the carbohydrate binding 
assay plate for 1 houi*, shaking at 37^C. The plates are then washed thoroughly in 
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PBS contai'ning 0.1% Tween® 20. lOOul of 1% bovine scrum albuinin (BSA) in PBS 
\ is added to each well and incubaied at 37°C for 60 minutes to block any nonspecific 
binding sites on the plate. Following washing with PBS, the coated plate may be used 
immediately or stored wapped in cling film at 4^C for several months. 

Once the GaG polymer substrate has been immobilised in the first support, it 
(i,c, the aibsirate) may be treated with a GAG binding growth factor (e.g. VEGF, 
TGFpi,MCP-l,IFN.7,seelistincIaini8). 100^1 ofGFat i-Sfig/ml in PBS is added 
to each well and incubated for IS hours at 4°C. Following washing in PBS, the plale is 
ready for use. 

The? second solid phase support may be prepared by coating tiie support 
material with the second complejc forming moiety (e.g. (strep)avidin blocked with 
BSA). ThlJ microwell lid probes or wells, where the second solid phase is another 
well, are coated with (strept)avidin ai I-3}ig/ml in PBS for 18 hours and following 
washing in PBS they are blocked with BSA as above. 

To carry out the assay, the analyte having (or potentially having) heparanase 
activity is incubated in the presence of the first solid phase si^jport system. The 
analyte is diluted in enzyme assay buffer which is sodium acetate (O.IM, pH 5.5 
containing Ca"* (5naM), Cu""*" (ImM) and Fc^* (ImM), Each assay includes as 
controls, wlls without biotinylated HSGAG coating and wells which do not receive 
the test sample. The heparanase assay is allowed to proceed for 1 hour noimally (but 
may range from SOminutes to 4 hours) on a plate shaker at 37**C. Where title second 
solid phase is a well lid coated probe, steps (i) and (ii) occur simultaneously, where 
the second solid phase is anoxher coated well, the supernatant fi'om the first well is 
transferred to the second well and incubated for 2 to 24 hours. 



As a result, any biotinylated HSGAG-GF substrate cleaved firom the first solid 
phase support during incubation becomes immobilised on the second support which 
may now be separated firom the analyte. 
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A signal is then developed. Where the second solid phase used sirep(avidin) to 
capture the complex through iu biotin moiety, this may be achieved by incubating the 
second solid phase suppon with anti-growth factor antibody followed by enzyme- 
conjugated anii-species IgG. Where the second solid ^^hase uspd anti-growth factor 
antibody to capture the complex, signal may be developed by incubatii^ with 
enzyme-conjugated strep(avidin). Confirmation that the substrate bound to the first 
solid phase has been cleaved can be obtained by incubation witli either enzyme 
conjugated strep{avidin) or enzyme conjugated ^tibody. The preferred enzyme 
coiyugated to these detection reagents is peroxidase and therefore the amount of 
peroxidase activity associated with the well probe may be revealed using a standard 
TMB substrate colour change and spectrophotometry. 

The invention will be illustrated by the following non-limiting Example and 
References Examples and the accompanying drawings which illustrate the results of 
Reference Examples 1 and 2> 

Reference Example 1 

This Refeirencc Example demonstrates the specificity of biotinylated HSGAG for 
heparanase. 

Biotinylated HSGAG was prepared using the procedure described in the above 
protocol and immobilised on microtitre wells as the solid phase support, again using 
the procedure of the protocol 

Sqiarare samples of the support-bound biotinylated HSGAG >fVBrc incubated 
for I hour ;at 37 **C with a number of enzymes at very high concentrations ( > 100 fold 
than would be encountered in clinical samples) including proteases e.g, dispase, 
thrombin, coUagenase, trypsin, plasmin, pepsin and glycosidase e.g. neuraminidase 
and endoglucoronidases e.g. heparanase, hyaluronidase and chondroitinase at the 
initial concentrations shown in the following Table 1, 
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TABLE! 



Enzyme 


Initial Concentration 


Heparanase 


Spleen extract (neat) 


Hyaluronidase 


25mg/ml 


Dispasc 


Img/ml 


Thrombin 


250U/ml 


CoUagenasc 


Img/ml 


Trypsin 


Img/ml 


"Plasmin 


lU/ml 


Pepsin 


Img/mi 


"Qiondroitinase 


5U/ml 


Neuraxninidase 


Img/ml 



Afi:er the initial incubation period, the % release of HSGAG was deieramied 
by the following procedure. lOOfil of avidin peroxidase at 1:1000 dilution in PBS was 
added to tte plate for 60 mins at 37 *^C, After washing three times in PBS Tween, 
lCO(il of TMB substrate (lOOug/ml) was added and the colour development was 
assayed in end poinr mode at 450nin after stopping the reaction witli lOOul of 0-lM 
HCL 

The above procedure was repeated for all the above enzymes using dilution 
factors of 400 and 800 as compared lo its initial concentration. 

The results are plotted in Fig 1 of the accompanying drawings. 

Th.e plot of Fig 1 clearly demonstrates the specifity of the biotinylated 
HSGAG for Heparanase. 

Only Hyaluxonidase, Dispasc and Thrombin appeared to have a minor effect 
on the substrate which in tlie case of dispase and thrombin disappeared with dilution 
(Fig 1). Collagense, Trypsin, Plasmin, Pepsin, Chondroitinase and Neuraminidase 
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had no discemabk effect on ihe substrate with % release for These enzymes too low 
to be plotted on the graph.. 

Reference Irixample 2 

This Reference Ejcample demonstrates that support-bound biotinylated 
HSGAG is cleaved from the solid phase by heparanase treatment 

Samples of biotinylated HSGAG immobilised on solid phase were prepared as 
in the above described protocol. 

A dilution series of spleen extract of heparanase was prepared, added to 
separate s<unpie$ of the support-bound HSGAG substrate and incubated for 60 
minutes ~fhe support was then washed followed by addition of avidin peroxidase 
1:1000 for 30-60 minutes at 37 C. Peroxidase substrate TMB lOOug/ml was added 
and colour change measured by spectrophotometry. 

The results arc plotted in Fig 2 M^iich demonstrates that loss of biotinylated 
HSGAG was proportional to heparanase dilution over two orders of magnitude. 

Reference ]2wXamt)Ie.3 

This -Reference Examples demonstrates that a complex of HSGAG and 
Growth factor can be cleaved from the solid phase. 

Biotinylared HSGAG prepared as in the above described protocol was 
immobilised on a solid suppon using the procedure of the above described protocol. 

Recombinant growth factor/cytokine (63ng/ml in PBS) was incubated in the 
weUs ovemght to allow binding to the HSGAG and form a solid phase bound 
complex. Unbound QF/cytokine was removed by washing three limes with PBS. 
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A Standard diliition 1 :20 of spleen heparanase enzyme was added to the wells 
for oae hour and the amount of GF/cytokine remaining was detected by use of a 
specific aiiti-GF/cytokine antibody. This antibody was detected by jan anti-species 
peroxidase: coupled reagent followed by substrate development 

The results were as shown in tiie following Table 2. 



Grovirtfa Factor/Cytokine 


% reduction in GF after heparanase 
treatment 




68.7 


IFNy 


73.7 


MCP-1 


81.2 


TGFPI 


79.9 


The results demoosirate cleavage o 


fthe complex of HSGAG and GF/cytokine 



from the solid phase by the heparanase. 
Example 1 

This Example demonsiraxes detection of biotinylated HSGAG-Growth factor 
complexe<i. 

Biotinylated HSGAG prepared as in the above described protocol was 
immobilised on a solid support, again using the procedure of the protocol* 

Recombinant VEGF (63 ag/ml in PBS) was incubated in the wells overnight 
to allow binding to the HSGAG and form a solid phase bound complex of Ihe 
HSGAG and VEGF. 

Unbound VEGF was removed by washing three times with PBS, 

H^rparanase tmyuie firam spleen at 1;10 dilution was added to the wells for 
one hour. Subsequently the well contents were transferred to another ELISA plate 
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precoated with monoclona! anti-VEGF antibody (5}ig/ml for 16 hours) and incubated 
for 4 hours. During incubation, heperanase cleaved soluble complexes containing 
biotinylated HSGAG bound to VEGF (which complexes arc derived from the first 
plate) wei« bound to the anti-VEGF coated plate. After washing, the presence of 
biotinylated HSGAG bound to the anii-VEGF well was detected with avidin 
peroxidase followed by addition of peroxidase substrate. 

The results are shown in the following Table 3 which also includes results for 
Background and Controlled Experiments as detailed in the Table. 



Experiment 


Procedure 


OD 450nm 


Invention 


(•i-heparanase + VEGF + anti-VEGF) 


0.168 


Background 


(no heparanase, no VEGF, no anti-VEGF 
coat) 


0.6*3 


Control 1 


(no heparanase + VEGF + anti VEGF) 


0.0^7 


Control 2 


(+hcparanase, no VEGF, no anti-VEGF) 


0.095 



It ^iviil be seen from the above results that the procedure of the invention 
resulted in capture of the cleaved complex of VEGF and biotinylaied HSGAG by 
anti-VEGF antibodies, with detection of the cleaved complex by avidin^peroxidase. 
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1 . A med^od of assaying a samplfi to detennine hepazanasa activity thereof ihs 
mctkcd comprising 

(i) incubating the sample in the presence of a first solid phase support 
having immobilised thereon a heparan sulphate giycosammoglycan 
(HSGAG) polymer substrate for tiie hcparanase, the said substrate 
being insensitive to the action of proteases and ibe said substzaie 
having bonded tiereto a first binding moiety, and having ftuthpt 
bonded ifaexeto a paracrine cell r^ulator o^ble of binding to 
HSGAG, 

(ii) treating the incubated sansple vnSii a second solid phase sv^oit having 
a second moiety provided theccon capable of zmmobilismg HSGAG 
polymer substrate cleaved froa the first solid phase s^oxt on said 
second solid phase support by binding of said second moiety either 
'widi the paracrine cell regulator or with the first -binding moiety, 



Qii) generating a measurable signal from the other of 'die first or second 
moiety of the cleaved substrate immobilised on the second support 
solid phase, and 

(yj) measuring tixe signal on the second solid phase si^port separated from 
&e first solid phase support 

2. A method as' claimed in claim I wherein the HSGAG polymer substrate is 
CO valcnily bonded to the fii'st solid phase support system. 

3. A method as claimed in daim I or 2 v(&erei$ the first soUd phase support 
system is a microtitfe well. 



AMENDED SHEET 
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4. A method ^ claimed in claim 3 herein the second solid phase support 
system is aplate h'd probe. 

5. A mediod as claimed ia claim 3 ^herem die second solid phase support 
system is a microtitre well. 

6. A method as ol&imed in any ef claim I to 5 wherein the second solid phase 
support system is .sqtaiated firam the first scfid phase support syston benveea st^ 
(u)axid(3^). 

7. A OiBthod as claimed in any ooe of claims 1 to 6 wheidn, in step QQ, HSOAO 
pclyixijer suhstmtd cleaved frcm the first solid phase support is immobilised in die 

O second sctHdphasesij^rt by binding of die iSra^ 

O 

Q S, A mediod as claimed in claim 7 \iAeim the first moiet/ is biotin and dse 

second moieey is sfxq>t(avidin), 

9. ' A method as claimed in claim 7 or S whron the ^goal is g — • 

^ anti-* paraciine cell regulator antibody and enzyme coupled and-specifis antibody, 

ri = 

! ?=? 

~S E 

O 10. A method as claimed m claim 9 vtoeh the signal is developed by incubating 

the seooad solid phase support with anti- paracrine cell regukcor antibody followed 
by pexoxidase anti^species IgG« 

IL A mc&od as claimed in any one of ckims 1 to 6 wherein, in step (ii), the 
HSGAG polymer substrate cleaved from the first solid phase support is immobilised 
on the second solid phase support by binding of Ae paracrine ceil regulator and the 
first moieiy, 

12, A method as claimed in claim 11 ^^erein the signal is generated by an 
an^yme coupled to a third moiety capable of binding to the first moiety. 
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13. A m^^d as claimed in any one of claims 1 to 12 wherein the paraciine cell 
regulaco^r is a gro w& factors a cytokine or a chemokine. 

14. A method as claimed in claim 13 ^vilel^m tbe paraciine cell regulator is a 
gro^ factor and is selected from VEGF, TGFUI, FGF-1, FGF-2, HGF and PDCF. 

15. A method as claimed in any of claims 1 to 14 &r determining the activity of a 
putatjva iiohibitor of h^aranase activity. 

16. A solid phase si^port having xmmohilised th^eoa an HSGAO poljoner 
substrate having bonded thereto a first binding moi^ and a paracrme cell i^^ator 
c^ffible of binding to KSGAO» said first moiety or said paracrine cell regolator being 

. capable ofhtnding to a second moiety. 

^ 17. A support as claimed in claim 16 \^erei8 die paxaczine call r^alator is a 

IS growt±L factor, cfaemaldne or cytokine. 

y » 

O IS. A sujipaTt aa claimed in claim 17 whereia the pencrizie cell f«galator is 

p s^ecteafibmV£G|7,TGPpi.PGF.i;FGF-2,HGF,Pfi6F;it4a,IL^^ 

f: E.-7, IL-8, IL-12, IP-10, MCe-l, TNFa or IFN-o.. 



ry 

%s3 



19, A s^giport as claimed in aay one of claims 16 to IS wlieicija the first moi^ in 
biotin. 

20, The combinatioja of a solid phase support as claimed in any one of claims 16 
to 19 and a second soUd phase support laving provided tfafiieon said seco^^ 

21, An assay kit comprising tlie combination as claimed in claim 20 and signal 
developing ageaus to generate a signal repiesenative of the result of the assay. 
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^ (57) Abstract: A method of assaying a sample to determine heparanase activity thereof comprises the st^s of (i) incubating the 
1^ sample in the presence of a first solid phase support having immobilised thereon an HSGAG polymer substrate for the heparanase, 
I — . the said substrate being insensitive to the action of proteases and the said substrate having bonded thereto a first binding moiety 
and having further bonded thereto a paracrine ceU regulator enable of binding to HSGAG, (ii) treating the incubated sample with 
S a second solid phase support having a second moiety provided thereon capable of immobilising HSGAG polymer substrate cleaved 
firom the first solid phase siq>porf: on said second solid phase support by binding of said second moiety either with the paracrine cell 
regulator or with the first binding moiety, (iii) generating a noeasurable signal the other of the first or second moiety of the cleaved 
substrate immobilised in the second support solid phase, and (iv) measuring the signal on the second solid phase support separated 
fiiom die first solid phase support 
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jnder Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
|the validity of the application or any patent issued thereon. 



Given Name (first 
and middle, if any) 



Inventor's Signature: 



Paul Ernest Charles 





Family Name 
or Surname 



Date of 
Signature: 



Brenchley 



7/ 



Residence: 
tCity, State, Country) 



Sale, Cheshire, United Kingdom 



Citizenship: 



GB 



[Post Office 
Vddress: 



5 Dunchurch 

Sale, Cheshire, M33 5ED, United Kingdom 
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Type a Plus sign {+) inside this box 
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DECLARATION 



Registered Practitioner Information 

(Supplemental Sheet) 



Name 



Registration 
Number 



Name 



Registration 
Number 



Harold R. Woodard 
C. David Emhardt 
Joseph A. Naughton, Jr. 
John V. Moriarty 
John C. McNett 
Thomas Q. Henry 
James M. Durlacher 
Charles R. Reeves 
Vincent O. Wagner 
Steve Zlatos 
Spiro Bereveskos 
Clifford W. Browning 
R. Randall Frisk 
Daniel J. Lueders 
Kenneth A. Gandy 
Timothy N. Thomas 
Kurt N. Jones 
John H. Allie 
Holiday W. Banta 
Troy J. Cole 
L. Scott Paynter 
Chai:les J. Meyer 
Matthew R. Schantz 
Gregory B. Coy 
Lisa A. Hiday 
John V. Daniluck 
Christopher A. Brown 
C. John Brannon 
Arthur J. Usher IV 
Douglas A. Collier 
Brad A. Schepers 
Scott J. Stevens 
James B. Myers 
John M. Bradshaw 
Charles P. Schmal 
Edward E. Sowers 
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